We investigate the dynamics of a chirped Airy pulse in a fiber under the action of third-order dispersion. We found an interesting phenomenon in which the pulse is focused and where the pulse profile changes slowly within a distance of several dispersion lengths, which is named a channel. The amplitude and the length of the channel depends on the chirp parameter. The underlying physical mechanism for this phenomenon is also discussed.
Introduction
Over the past decade, the finite-energy Airy beams intrigued extensive research interests in optics [1] - [9] , due to their unique property including self-acceleration [1] , [2] , self-healing [3] , and weak diffraction [4] , which allows for various exciting potential applications typically including optical trapping and micro-manipulation [5] , Airy surface plasmons [6] , curved plasma channel generation [7] , and electron Airy beam [8] , [9] .
Besides the spatial domain Airy wave packets, the temporal domain Airy wave packets, named Airy pulse, have also been studied from linear to nonlinear regimes [10] - [21] . Recently, the propagation of truncated Airy pulses in a fiber close to its zero-dispersion point have been demonstrated [12] - [14] . For the case when the third-order dispersion (TOD) and the second-order dispersion (SOD) are in the same sign, Besieris et al. investigated that the cooperation of the TOD and SOD leads to variations in the curvature of the trajectory [12] . On the other hand, when the TOD and SOD are in the opposite sign, Driben et al. demonstrated that the Airy pulse reaches the tightfocusing point, then undergoes an inversion, and finally continues to propagates with an opposite acceleration [13] . At the focal point, the pulse is concentrated in a very narrow and intense light spot. They also demonstrated that the focal point extends into a finite area, from which the pulse reemerges in an inverted form when the strengths of the second-and third-order dispersion terms are comparable [13] .
Very recently, the effect of initial frequency chirp on Airy pulse propagation in an optical fiber with the SOD has been investigated [19] . It is found that when the SOD parameter and chirp parameter have the opposite signs, the chirped Airy pulse reaches the breakup area after experiencing an initial compression, then undergoes a lossy inversion, and finally continues to travel with an opposite acceleration. On the other hand, when the SOD parameter and chirp parameter have the same signs, the chirped Airy pulses are always dispersive during propagation. These results imply that the propagation of Airy pulse can be manipulated by adjusting the chirp of the input pulse. However, the propagation properties of a chirped Airy pulse under the action of TOD have never been reported to the best of our knowledge. As found by Driben et al., the Airy pulse is concentrated into a very intense spot under the action of TOD. It would be very interesting that this dramatic phenomenon could be controlled by the parameters of the input pulse, for instance, the chirp, and then it would be more useful for its potential applications such like all-optical switching. In this paper, we demonstrate the dynamics of the chirped Airy pulse in a fiber close to its zero-dispersion point. It is found an interesting phenomenon that the chirped Airy pulse is focused and subsequently forms a channel of several dispersion lengths. The underlying physical mechanism for this phenomenon is also presented via analyzing the evolution of the phase distributions of the frequency components.
Model and Results
We consider the propagation of an optical pulse in a fiber including the third-order dispersion, which can be described by the nonlinear Schrödinger equation [22] i ∂U ∂z = β 2 2
where β 2 and β 3 are the second-and third-order dispersion parameters of the fiber, τ is the transverse coordinate, and z is the propagation distance. U is the normalized profile satisfying
γ is a nonlinear coefficient, and P 0 denotes the total power. For the case in the linear regime, the equation can be solved by using the Fourier technique, and in place of (1), the transmitted field is obtained from [22] U (z, t) = 1 2π
where (0, ω) is the Fourier transform of the incident field. The initial chirped Airy pulse is in the form:
, with a the truncation coefficient, c the chirp parameter and μ (a) a normalized coefficient. A i (·) represents the airy function. The Fourier spectrum of the chirped Airy pulse is given by [19] (0, ω)
It is difficult to obtain the analytical solution of (2) with the initial Fourier spectrum of chirped Airy pulse in (3). Therefore, we do it by performing the numerical integration in the following discussion.
It's convenient to normalize τ and z, respectively, by the pulse width T 0 and the TOD length L D = T where presents a relative TOD strength parameter corresponding to = |β 3 |/(β 2 T 0 ), and L N L = 1/(γP 0 ). Fig. 1 displays the evolution of the chirped Airy pulse in a fiber close to its zero-dispersion point. Note that we display the amplitude |U | rather than the intensity |U | 2 in Fig. 1 in order to achieve a better visualization of the dynamics of the low-intensity parts of the pulse. As a comparison, the evolution of the unchirped Airy pulse in a fiber close to its zero-dispersion point is also given in Fig. 1(a) . It is easy to see that the unchirped Airy pulse reaches a focal point, then undergoes inversion, and propagates with an acceleration that is opposite in sign [13] . Past the focal point, the evolution of the pulse shape is similar to that of Gaussian pulse in fibers with TOD [23] . For the chirped Airy pulse, as shown in Fig. 1(b) with the chirp parameter c = 0.04, it is interesting that the chirped Airy pulse is focused faster, and then changes to a channel within several dispersion lengths during propagation. After the channel, the evolution of the pulse shape is also similar to that of Gaussian pulse in fibers with TOD. In order to see the influence of the chirp, we display the evolutions of the maximum amplitudes for the unchirped Airy pulse and the chirped Airy pulse in Fig. 1(c) . It is interesting that the amplitude first reaches its maximum near ζ = 1.2, rapidly decreases and remains as a plateau until ζ = 4.5.
To see the effect of the chirp on the Airy pulse more clearly, we investigate the evolution of the chirped Airy pulse in a fiber close to its zero-dispersion point with different chirp parameters, which are shown in Fig. 2 . It is found that the larger the chirp parameter is, the faster the chirped Airy pulse is focused. It is also interesting that the length of the channel depends on the chirp parameter: the channel becomes longer when increasing the chirp parameter, but its amplitude significantly decreases for the large chirp parameters. For instance, the energy of the channel transfers to the minor lobes for the case of c = 0.08, as shown by Fig. 2(c) . To form a distinguishable channel with sufficient energy and proper length, the range of the chirp parameter is estimated to be 0.01 < c < 0.06. It is worth mentioning that the contribution of TOD is independent of the sign of the chirp parameter c [22] , we can therefore conclude the same results for the chirp parameters in the opposite signs.
For a better visualization of the chirp-induced channel of the chirped Airy pulse propagation in a fiber close to its zero-dispersion point, we display in Fig. 3 the transverse amplitude distributions at different ζ for the propagation shown in Fig. 2(b) . It is shown that all the lobes of the accelerating Airy pulse emerge into an isolated pulse when propagating to ζ = 2. Clearly, the pulse shapes at ζ = 3 and ζ = 4 are almost overlapped within the central portions of the pulse besides slight shifts along t axis. For a longer distance, for example, ζ = 6, the pulse evolves into a decelerating Airy pulse, which is opposite in sign to the initial.
The focusing properties of the Airy pulse under the action of TOD can be understood by the phase changes of the frequency components during the pulse propagation. Fig. 4(a) shows the phase distributions of the spectra of the unchirped Airy pulse at ζ = 0, ζ = 2, and ζ = 3, respectively. The spectrum is also presented, which is unchangeable during propagation. It is known that the initial phase distribution of the unchirped pulse is −ω 3 , while TOD imposes a ω 3 ζ phase on the spectrum during propagation. As a result, all of the phases become the same when the pulse propagates to a certain distance, as given in Fig. 4(a) . In this case, all of the frequency components are synchronized, and then the pulse shape becomes Gaussian [23] . When the pulse propagates to a longer distance, for instance, ζ = 3, the pulse is imposed an 3ω 3 phase, and then forming a decelerating Airy shape during propagation. Fig. 4(b) shows the spectra and the corresponding phase distributions of the chirped Airy pulses for different chirps. It is shown that the chirp makes the phase distribution gentler than that of the unchirped case. Therefore the chirped Airy pulse is focused earlier during propagation, as depicted in Fig. 3 . Take as an example, the phase distributions at different propagation distances and also the spectrum are plotted in Fig. 4(c) . The spectrum in this case is no longer Gaussian and becomes asymmetric; it sharply cuts off when the frequency reaches 2.5. Note the spectrum is imposed a ω 3 ζ phase by the TOD during propagation, but it feels least phase changes than the unchirped case, and then the pulse shape evolves much slower after being focused, forming a focused channel within several dispersion lengths.
Then we would like to show the propagation of the chirped Airy pulse under the action of secondand third-order dispersion terms of comparable strengths, which is presented in Fig. 5(a) and (b) for c = −0.05 and c = 0.05, respectively. Note that the propagation depends on the sign of the chirp parameter c in this case [22] . It can be clearly seen that the channel is destroyed totally by the SOD, and the pulse is rapidly dispersed, for both c = −0.05 and c = 0.05.
For the case in the nonlinear regime, the nonlinear term in Eq. (1) distorts the structure of the propagating chirped Airy pulse. Fig. 6 displays the evolution of the chirped Airy pulse in a fiber close to its zero-dispersion point in the nonlinear regime with the initial amplitude A 0 = 5. Due to the effect of the nonlinearity of (1), the focusing property and the chirp-induced channel are destroyed. For the case the evolution of the chirped Airy pulse under the action of second-and third-order dispersions with comparable strengths (shown in Fig. 7) , it is found that the multiple soliton is shedding from the chirped Airy pulse, similar to that reported in [10] and [13] , and the multiple soliton is influenced by the chirp.
Conclusion
In conclusion, we have demonstrated the dynamics of the chirped Airy pulse propagation in a fiber close to its zero-dispersion point. In the linear regime, it is found that the chirped airy pulse is focused and subsequently forms a channel with several dispersion lengths after tight focusing, which can be understood by the evolution of the phase distribution of the frequency components. It is also found that the length and the amplitude of the channel depend on the chirp parameter: the channel becomes longer and its amplitude decreases when increasing the chirp parameter, which shows that the channel can be controlled by adjusting the chirp parameters of the input Airy pulse. These findings create new opportunities for all-optical switching. Additionally, the cooperation of SOD and TOD is also considered: SOD with comparable strength with TOD destroys the channel, which indicates that the channel is destroyed when the wavelength of the input pulse deviates from the zero-dispersion wavelength. This phenomenon may also become a new candidate for fiber optics sensing. Finally, the influence of nonlinearity is also discussed, it is found that the channel is destroyed and the multiple soliton is shedding from the chirped Airy pulse.
